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Objective: To investigate patients’ adherence to statin treatment prescribed following their first
myocardial infarction (MI) and to estimate the effect of adherence to statins on recurrence of MI and all
cause mortality.
Design: Cohort study using a record linkage database.
Setting: Tayside, Scotland, UK.
Patients: Patients who experienced their first MI between January 1990 and November 1995.
Main outcome measures: Percentage of statin use and adherence to statins by patients after an MI
and the relative risk of hospitalisation for recurrent MI. The effect of adherence on all cause mortality
was also examined. The covariates used were age, sex, socioeconomic deprivation, serum cholesterol
concentration, diabetes mellitus, cardiovascular drug use, and other hospitalisations.
Results: Of 5590 patients who experienced an incident MI, 717 (12.8%) experienced at least one
further MI. Only 7.7% of patients used statins after an MI during the study period. Compared with those
not taking statins, those who had 80% or better adherence to statin treatment had an adjusted relative
risk of recurrent MI of 0.19 (95% confidence interval (CI) 0.08 to 0.47) and all cause mortality of 0.47
(95% CI 0.22 to 0.99). There was no significant reduction in either end point for those who were less
than 80% adherent to statins.
Conclusions: Despite the infrequent use of statin during the study period, good adherence to statin
treatment was associated with lower risk of recurrent MI.

Coronary heart disease (CHD) is a leading cause of mor-
bidity and mortality worldwide. Serum total cholesterol
and low density lipoprotein cholesterol are major risk

factors for recurrent cardiac events in patients following a
myocardial infarction (MI). Statins (HMG CoA reductase
inhibitors) are effective cholesterol lowering agents and are
the drugs of choice for patients with increased cholesterol who
have suffered an MI. Several large clinical trials (4S
(Scandinavian simvastatin survival study), CARE (cholesterol
and recurrent events), WOSCOPS (West of Scotland coronary
prevention study), LIPID (long term intervention with
pravastatin in ischaemic disease), and AFCAPS (Air Force cor-
onary atherosclerosis prevention study))1–5 on primary or sec-
ondary prevention of CHD have shown that these drugs
reduce the risk of major coronary events by about 30%6 and
improve survival in patients following MI. Current guidelines
recommend statin treatment when total cholesterol is
> 5 mmol/l in patients after an MI.

However, the therapeutic effect of a drug depends not only
on patients having the treatment prescribed but also on their
adherence or compliance with the treatment. Previous studies
have shown that there is a low rate of statin prescribing and a
lack of adherence to treatment by patients with CHD.7–12

The present study aimed at investigating the adherence to
statin treatment by patients after an MI in Tayside, Scotland,
and to estimate the effect of adherence on recurrence of MI
and, as a secondary end point, all cause mortality.

METHODS
The study was carried out in the population of Tayside in Scot-
land, using the Medicine Monitoring Unit’s record linkage
database. This database contains several data sets including all
dispensed community prescriptions, hospital discharge data,

biochemistry results, and other data that are linked by a
unique patient identifier, the community health number. The
data collection methods for this database have previously been
described.13 These data are made anonymous for the proposes
of research and the methods used are approved by the Tayside
Caldicott Guardians. The project was also approved by the Tay-
side committee on research medical ethics.

Study population
The study population was the population of Tayside who were
resident and registered with a general practitioner between
January 1985 and December 1995.

Study subjects
Patients who experienced their first MI between January 1990
and November 1995 were identified from the Tayside hospital
discharge data.

Study period
The study period was from January 1985 until December 1995.
The first five years were used as a screening period. Subjects
who had a hospitalisation for MI before 1 January 1990 were
thus excluded from the study. Data were collected on each
subject until 31 December 1995. The maximum follow up was
thus six years.
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Study outcome
The primary outcome was hospitalisation for recurrent MI
and the secondary outcome was death from any cause during
the follow up period.

For each prescription for a statin (mainly pravastatin and
simvastatin) we knew the strength of the tablet, the number
of tablets dispensed, and the instructions on how these should
be taken. Thus, the daily dose and the number of days
treatment could be calculated. Adherence to statin treatment
was calculated as the number of days with statin supply
divided by the total number of days from the first prescription

for a statin to the end of study. Patients with no dispensed
prescribing for statins were considered to have zero adher-
ence. If a patient collected more drug than they had been
directed to use, the percentage of adherence was over 100%
but we classified these subjects as having maximum
adherence.

Biochemistry data
Serum cholesterol data were available for the Dundee
catchment area from 1989 to December 1995, with the excep-
tion of October 1994 to April 1995.

Statistical analysis
Data were summarised as mean (SD) for continuous variables
and number of subjects (percentage) for categorical variables.
χ2 and t tests were performed to determine significant differ-
ences. Cochran-Armitage trend tests were also performed if
there were more than two categorical variables. The propor-
tional hazards model was used to analyse the time to
hospitalisation for recurrent MI and separately for all cause
mortality, giving results in terms of risk ratios. Analyses were
carried out univariately and multivariately. Multivariate
analyses adjusted for age, sex, socioeconomic deprivation,
lipid lowering drug treatment before MI, statin daily dose,
serum total cholesterol concentration, presence of diabetes
mellitus at baseline, other cardiovascular drug prescriptions,

Figure 1 Percentage in each year of patients receiving statins after
a myocardial infarction.

Table 1 Characteristics of patients after a myocardial infarction (MI), Tayside,
1990–5

MI recurrence
(n=717)

No MI recurrence
(n=4873) p Value

Male (%) 412 (57.5) 2920 (59.9) NS
Age (SD) 69.7 (11.1) 66.9 (12.2) <0.01
Deprivation category (%)*†

1–2 (least deprived) 180 (25.6) 1269 (27.9) <0.05
3–4 291 (41.5) 2018 (44.4)
5–7 (most deprived) 231 (32.9) 1256 (27.7)

Adherence to statins (%)*
0 693 (96.7) 4470 (91.7) <0.01
<39 6 (0.8) 61 (1.3)
40–79 5 (0.7) 83 (1.7)
80–100 13 (1.8) 259 (5.3)

Baseline cholesterol (mmol/l) (SD)‡ 6.61 (1.5) 6.57 (1.4) NS

*Test for trend between categories, p<0.01; †for 702 subjects in recurrence group and 4543 subjects in no
recurrence group who had deprivation data recorded; ‡for 194 patients in recurrence group and 1279
patients in no recurrence group who had cholesterol data recorded.

Table 2 Distribution of statin use in patients after an MI by age, sex, and
socioeconomic deprivation, Tayside, 1990–95

Any statin use (%)

Adherence to statins

Mean (SD) Median

Sex
Male 158 (8.9) 73.5 (31.8) 88.3
Female 269 (7.0) 80.7 (28.4) 94.2

Age (years)*
<50 103 (21.2) 76.3 (29.4) 89.4
50–59 152 (15.5) 75.3 (29.3) 87.8
60–69 133 (8.3) 77.3 (31.8) 93.7
70–79 33 (2.1) 78.8 (34.0) 97.7
>80 6 (0.6) 55.8 (45.6) 55.3

Deprivation category*†
1–2 (least deprived) 111 (7.7), 76.3 (29.7) 89.4
3–4 153 (6.6) 74.5 (32.6) 91.2
5–7 (most deprived) 156 (10.5) 77.2 (29.7) 89.5

Death status
Dead 28 (2.2) 65.3 (37.1) 81.4
Alive 399 (9.3) 76.9 (30.1) 90.5

*Test for trend between groups, p<0.01; †for 420 patients who had deprivation data recorded.
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and other hospitalisations (excluding surgical events) during
the follow up.

All statistical analyses were carried out using SAS version
8.0 (SAS Institute, Cary, North Carolina, USA).

RESULTS
There were 5590 patients who experienced their first MI
between January 1990 and November 1995. Of these patients,
717 (12.8%) experienced at least one further MI and 1299
(23.2%) died during the follow up period. Only 427 (7.7%) of
all patients who had an MI received statins following
discharge. The average follow up of the study was 2.4 years.
There was a significant increase in statin use after the 4S
results were published in 1994 (fig 1). Among patients who
were taking statin treatment, 63.7% had greater than 80%
adherence.

Table 1 shows the characteristics of the patients with
recurrent MI and those free from MI recurrence. There were

significant differences in age, social deprivation category, and
adherence to statins between the two groups. Patients in the
recurrent MI group were older, more deprived, and less likely
to be taking statin treatment than those in the group free
from MI recurrence. No significant differences in sex and
serum cholesterol concentration at baseline were found
between the two groups. A test for trend also showed that
there was a significant difference in deprivation category and
adherence to statin treatment between the two groups. Simi-
lar results were found between the dead and alive patient
groups.

Table 2 details the statin use and adherence to statin treat-
ment by age, sex, deprivation category, and death status. Older
patients were less likely to be prescribed statins than young
patients. Women tended to have better adherence to statin
treatment than men but there was no significant difference in
statin prescribing between sexes. Overall patients living in
more deprived areas had the highest prescribing of statins and

Table 3 Univariate and multivariate hazard ratios for recurrence of MI

Outcome predictor

Univariate Multivariate†

RR 95% CI RR 95% CI

Adherence to statins (%)
0 (n=5163) 1.00 1.00
<39 (n=67) 0.55 0.25 to 1.22 0.59 0.22 to 1.59
40–79 (n=88) 0.38* 0.16 to 0.90 0.51 0.19 to 1.35
80–100 (n=272) 0.35** 0.20 to 0.60 0.19** 0.08 to 0.47

Statin daily dose (high v 10 mg) 0.47 0.18–1.25 0.42 0.06 to 3.26
Lipid lowering drug use before MI (yes v no) 0.87 0.45–1.87 2.58** 1.19 to 5.60
Other lipid lowing drugs 0.45* 0.26 to 0.78 0.49 0.22 to 1.14
β Blockers 0.67* 0.57 to 0.79 0.65* 0.42 to 1.00
Antiplatelet + aspirin 0.92 0.80 to 1.07 0.93 0.58 to 1.51
Diuretics 0.92 0.80 to 1.07 0.58* 0.36 to 0.92
ACE inhibitor 0.67** 0.55 to 0.82 0.80 0.49 to 1.31
Other antihypertensive drugs 0.63 0.35 to 1.15 0.57 0.20 to 1.63
Nitrates 0.91 0.79 to 1.06 0.83 0.51 to 1.36
Calcium channel blocker 0.95 0.82 to 1.11 1.19 0.76 to 1.87
Number of types of CV drugs used

0 1.00 1.00
1–2 1.25 1.01 to 1.56 1.93 0.90 to 4.15
3–4 0.94 0.77 to 1.15 1.40 0.41 to 4.85
>5 0.63** 0.48 to 0.83 1.89 0.33 to 10.97

Sex (male v female) 0.88 0.76 to 1.02 1.13 0.81 to 1.56
Age (years)

<50 1.00 1.00
50–59 1.57* 1.06 to 2.34 1.27 0.67 to 2.38
60–69 1.94* 1.34 to 2.82 2.14* 1.17 to 3.92
70–79 2.44** 1.69 to 3.54 2.72** 1.43 to 5.17
>80 3.19** 2.18 to 4.67 3.99** 1.79 to 8.87

Socioeconomic deprivation
1–2 (least deprived) 1.00 1.00
3–4 1.01 0.84 to 1.22 1.01 0.69 to 1.49
5–7 (most deprived) 1.25* 1.03 to 1.52 1.52* 1.04 to 2.21

Baseline cholesterol 0.99 0.90 to 1.10 1.07 0.96 to 1.20
Diabetes mellitus 2.16** 1.69 to 2.76 2.16** 1.38 to 3.37
Year 1994 (after v before) 0.80 0.57 to 1.02 0.61 0.30 to 1.22
Other hospitalisation after MI (excluding surgical admission) 1.33 0.93 to 1.88 1.69 0.91 to 3.13

*p<0.05; **p<0.01; †for 1419 patients.
ACE, angiotensin converting enzyme; CI, confidence interval; RR, relative risk.

Table 4 Univariate and multivariate hazard ratios for all cause mortality

Outcome predictor

Univariate Multivariate†

RR 95% CI RR 95% CI

Adherence to statins (%)
0 (n=5163) 1.00 1.00
<39 (n=67) 0.45* 0.23 to 0.87 0.94 0.39 to 2.27
40–79 (n=88) 0.22** 0.09 to 0.51 1.15 0.44 to 3.00
80–100 (n=272) 0.22** 0.13 to 0.37 0.47* 0.22 to 0.99

*p<0.05; **p<0.011; †for 1419 patients.
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there was a significant trend between statin use and depriva-
tion category. However, there was no correlation between sta-
tin adherence and deprivation.

Table 3 shows the results of both univariate and multivari-
ate Cox regression analysis for recurrence of MI. Compared
with those not taking statins, only greater than 80%
adherence to statins was significantly associated with a lower
risk of recurrent MI in the multivariate analysis. β Blocker use
and diuretic use were also associated with lower risk of recur-
rent MI. Patients who were older, had lipid lowering drug
treatment before MI, resided in deprived areas, or had diabetes
mellitus at baseline had a higher risk of recurrent MI. Table 4
shows the crude and adjusted relative risks for all cause mor-
tality in MI patients. The results are similar to the recurrent
MI data, with only those subjects who had greater than 80%
adherence to statin treatment having significantly lower risk
of all cause mortality.

DISCUSSION
Scotland has one of the highest incidence rates of CHD in the
world. Although coronary mortality has been declining in the
past decade, an aging population means that the prevalence of
CHD is increasing. In recent years the number of patients
admitted to Scottish hospitals for treatment of CHD has
increased.14 This growing problem will be a major source of
rising health care costs.

The benefits of statin treatment for the secondary
prevention of MI have been well documented. The present
study found that only 7.7% of patients after an MI were tak-
ing statin treatment but at the time these data were collected
the evidence base was not strong. There was a major influence
on prescribing of statin for secondary prevention after the 4S
results were published. Between 1994 and 1995 statin use
almost doubled.

We may have underestimated the intention to treat with
statins in the present study, as adherence to treatment was
based on the dispensing of prescriptions after discharge from
hospital. Thus, we could not distinguish between people who
were not adherent to prescriptions that were written but were
not redeemed at pharmacies, people who had prescriptions
that were written but not collected from the practice, and
people who were never prescribed statins.

Poor adherence to statin treatment may explain a poor out-
come of patients with CHD. The adherence goal of 80% of pre-
scribed dose is used conventionally in clinical trials of safety
and efficacy that have been used to support a new drug regis-
tration. Adherence to statin treatment prescribed outside of
clinical trials is poor.15 However, in our study, 69% patients
aged over 65 years had greater than 80% adherence. This was
a higher proportion than that found by Avorn and
colleagues.16 Another study of adherence found that only 37%
of participants adhered to their lipid lowering regimens
throughout a two year study period (defined as taking at least
90% of all doses).17

In the present study, women were more likely to adhere to
statin treatment than men but statins were less frequently
prescribed to women than men. High prescribing rates were
found in patients who were living in the more deprived areas.
After publication of the 4S results, the increase in prescrip-
tions in Tayside was confined mainly to socially deprived
patients, as in other areas.7 18 However, deprivation was not
associated with adherence in our study while another study in
the USA showed that lower socioeconomic status was linked
to lower adherence.16 This may be explained by different
population characteristics, prescribing habits, or health care
systems.

There are several means available for measuring adherence
to drug treatment. The most commonly used method is a self
reported questionnaire. Pill counts and self recorded diaries of
medication taking are less frequently used. Electronic devices

that record the opening of containers are also available but
used infrequently. A surrogate for adherence measurement is
the therapeutic response of lowered serum low density
lipoprotein cholesterol concentration.

Over the past decade record linkage has become an efficient
method for measuring adherence to drug treatment in large
population studies. Unlike clinical trials, which focused
mainly on men (81–100% men) and the young (mean age
55–59 years),19 population based record linkage studies allow
real world populations to be studied. In our study 40.4% of the
patients were women.

We assumed that if a prescription was filled then patients
would adhere to treatment but we had no way of knowing
whether patients actually took the pills. However, this problem
is not unique and in fact applies to the vast majority of studies
including randomised controlled trials.

Our study showed that good adherence to statin treatment
was significantly associated with lower risk of further MI.
After adjusting for prior lipid lowering drug treatment (prob-
ably a marker of severe or familial hyperlipidaemia), statin
daily dose, and other risk factors, only patients with > 80%
adherence to statin treatment had significantly lower risks of
further MI and of all cause mortality. Although smoking
information (one of the main risks of CHD) was not available
for the study, we used socioeconomic deprivation score as a
surrogate for this as the Scottish health statistics data
showed that there was a significant correlation between
smoking and social class.20 β Blocker use, diuretic use, and
lack of socioeconomic deprivation were associated with lower
risk of recurrent MI, as others have found.21 22 Patients who
were older, had lipid lowering drug treatment before their MI,
and had diabetes mellitus at baseline were associated with
higher risk of recurrent MI. These findings help validate our
dataset, as we found what might be expected with these other
risk factors.

Conclusions
Despite the infrequent use of statins during the study period,
good adherence to statin treatment was associated with lower
risk of recurrent MI.
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IMAGES IN CARDIOLOGY.............................................................................
Magnetic resonance imaging of left atrial thrombus

An 83 year old man presented with left hemiplegia and atrial fibril-
lation. Cranial computed tomography and magnetic resonance
imaging (MRI) showed cerebral infarction at the area of right

middle cerebral artery. We used MRI (Signa, 1.5T, General Electric, Mil-
waukee, Wisconsin) for visualising the left atrial appendage (LAA). On
the MRI of triple inversion recovery (IR) fast spin echo (FSE) sequence,
the images of the left side of the heart are clearly seen in a long axis
view. LAA is imaged on the left ventricular basal anterior wall. Mass
with high signal intensity in the LAA is visible and distinctive from the
LAA wall (below left). Anticoagulant treatment was initiated, and
aphagia and dysarthria improved after four days of warfarin. The
thrombus in the LAA was confirmed by transoesophageal echocardio-
graphy (TOE) and its size was observed to be relatively small. The MRI
was repeated and the LAA thrombus disappeared (below right).

Although TOE is well established as the method for evaluation of
LAA thrombi, this method is semi-invasive and cannot be used at the
acute phase of cerebral infarction. Black blood technique is used to
evaluate cardiac anatomy, and triple IR FSE sequence can be used to
reduce more blood signal and related artefacts including fat. In our
case, LAA thrombus could be detected by using this method without
gadolinium injection. The non-invasive nature and safety of MRI
makes it ideal for serial follow up of thrombi in LAA, even in acute
cerebral infarction with a complication of aphagia or dysarthria.
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